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Band split principle 
• Range resolution of SAR images is a function of 
the emitted radar signal bandwidth.  
• Most recent SAR sensors use wide band signals 
in order to achieve metric range resolution.  
• By comparison, ENVISAT or ERS sensors used 
15MHz bandwidth chirps while TerraSAR-X or 
Cosmo-SkyMed use nominal signals having 
150MHz bandwidth leading to a potentially 
ten times higher range resolution.  
• In place of targeting high range resolution, one 
can also take advantage of wide band to split it 
in sub bands and generate several lower-
resolution images from a single acquisition, 
each being centered on a slightly different 
frequency.  
• This split band processes also named Multi 
Chromatic Analysis (MCA) corresponds to 




Split band schematic explanation  
Above: Spectral analysis in the image domain  
Below: Spectral decomposition in the spectral domain  
What for...? 
➡ Spectral coherence 
✓ Interferometric coherence between 
sub-images issued from a single 
acquisition can be measured. 
➡ Split band interferometry: Images of an 
interferometric pair can be split, leading to 
a stack of interferograms: 
✓ Opportunity to perform absolute phase 
unwrapping on seed points 
✓ If using classical phase unwrapping, 
opportunity to solve for ionospheric 
phase screen 
Spectral coherence applied to vessel 
tracking 
• It can be shown that in case of randomly 
distributed surface scatterers, spectral 




➡ Open sea surface can be considered as 
randomly distributed surface scatterers 
leading to a null spectral coherence 
➡ Target that departs from this distribution 
may preserve a high spectral coherence 
level 
➡ Spectral coherence will be almost totally 
lost on the sea clutter while it will be 
preserved on man-made structures [2,3]. 
     
Left: TerraSAR-X Intensity image of the docks of Venice 
(Vessels are localized by yellow circles) 
 Right: Corresponding averaged spectral coherence 
Split band interferometry: Absolute phase 
unwrapping 
• SBInSAR is based on this spectral analysis 
➡ To generate several InSAR pairs of lower 
resolution from a single one.  
➡ Each sub-band interferometric pair leads to 
an interferogram generated with its own 
frequency (or wavelength). 
➡ Fringe rate will vary with respect to 
wavelength 
  
• The interferometric phase of a given point in a 
stack of split band interferograms will vary 
linearly with respect to the sub-band central 
frequency [4]. 
• The slope is proportional to the optical path 
difference 
➡ This potentially solves the phase 
unwrapping problem on point-wise basis 
Split band interferometry: Ionospheric 
phase screen 
• In the presence of ionospheric perturbation, 
the interferometric pnhase contains both a 
dispersive and a non-dispersive component [5] 
  
• If generating and unwrapping a low frequency 
and a high frequency interferogram using 
SBInSAR, one can solve for each component 
[5,6]  
➡ Example is shown on the flat area of the 
Yamal peninsula, Siberia 
  
Non-dispersive and dispersive decomposition of the Yamal 
peninsula interferogram 
References 
1.  Bovenga F., Derauw D., Rana F., Barbier Chr., Refice A., 
Veneziani N. and Vitulli R. “Multi-Chromatic Analysis of SAR 
Images for Coherent Target Detection“, Remote Sens. (2014), 
6, 8822-8843; doi:10.3390/rs6098822  
2.  Derauw D, Orban A. & Barbier Chr. (2010) “Wide band SAR 
sub-band splitting and inter-band coherence measurements“, 
R e m o t e S e n s i n g L e t t e r s , 1 : 3 , 1 3 3 - 1 4 0 , d o i : 
10.1080/01431160903329356  
3.  Marino A., Sanjuan-Ferrer M., Hajnsek I and Ouchi K. “Ship 
Detection with Spectral Analysis of Synthetic Aperture Radar: 
A Comparison of New and Well-Known Algorithms“, Remote 
Sens. (2015), 7, 5416-5439; doi:10.3390/rs70505416  
4.  Libert, L.; Derauw, D.; d’Oreye, N.; Barbier, C.; Orban, A. 
Split-Band Interferometry-Assisted Phase Unwrapping for the 
Phase Ambiguities Correction. Remote Sens. (2017), 9, 879  
5.  Gomba G, Parizzi A., De Zan F., Eineder M., Bamler M, 
(2016), 'Toward Operational Compensation of Ionospheric 
Effects in SAR Interferograms: The Split-Spectrum Method', 
IEEE Transactions on Geoscience and Remote Sensing, vol. 
54, no. 3, pp. 1446-1461 
6.  Furuya M., Suzuki T and Derauw D, (2016) “A step'by'step 
recipe of band'spli3ng technique for isola8on of ionospheric 
signal in L'band InSAR data“, American Geophysical Union 


















Luxembourg Earth Observation and integrated application Day - Space applications in environmental management - Mondorf-les-Bains, Luxembourg - April 19, 2018
Split-Band SAR and Split Band InSAR principle and applications 
Dominique Derauw1, 2, Murielle Kirkove2, Ludivine Libert2, Anne Orban2, Nicolas d’Oreye1, 3 
1 European Centre for Geodynamics and Seismology, L-7256 Walferdange – Grand-Duchy of Luxembourg  
2 Centre Spatial de Liège, B-4031 Angleur - Belgium 
3 National museum of natural history of Luxembourg, L-7256 Walferdange – Gd-D. of Luxembourg 
 dderauw@ecgs.lu, mkirkove@uliege.be, llibert@uliege.be, aorban@uliege.be, ndo@ecgs.lu 
    ECGS
Abstract 
Most recent SAR sensors use wide band signals to achieve metric range resolution. One can also take advantage of wide band to split it into sub-bands and 
generate several lower-resolution images, centered on slightly different frequencies, from a single acquisition [1].  
This process, named Multi Chromatic Analysis (MCA) corresponds to performing a spectral analysis of SAR images. From this spectral analysis, three potential 
applications are shown:  
➡ Vessel detection based on spectral coherence analysis 
➡ Absolute phase unwrapping based on Split Band Interferometry (SBInSAR) 
➡ Ionospheric phase component retrieval in SAR interferometry
